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~he drags” of %WQ alternate ”turreta.fos a rnil$tarr

airplane were invest~gate.d through a Maoh number range of
0.22 to 0.70 at angles of attack of ~“, 5°, and 7°, in
the.8-foot high-speed tunnel. B’orce and pr.es~ure measure-
ments were made with the turrets mounted on a b“ombermodel.

The results show that a large spheriaal turret added
about 10 percent to tho fusolago ilrqg. A smaller, better-
shapad turret added only about 1 percent to the fuselage
drag.

IMTRODUOI!IOE

. .

Tests of two turrets for a bomber-type airplane were
made in the 8-foot high-sped tunnel. The main purpose
of the test vrasto obtain data to aid iv Performance .
estimation of proposed nilitnry airplanes.

One turret corresponds to a 9&inch-diameter spheri-
cal turret installed on a fuselage of 10&inch diameter.
The other turret corresponds to.a 60-inoh spherig.aJ turret
with.a 20-inch ta$l.fairing Installed on a fuselage.of
10Ginch dinmeter. . , . . .

The turrets were Installed”on the fuselage of%a .
typical bomber model, which was available at the t~me
the teste were requested.

... . ..
. ...-..f m.,

UPAJ2A.TW m tiLCHOD . “ . ..

“s

Z!he.N&OA 8-foot high-speed tunnel is a si,nglereturn,
oloeed-throat tunnel. in whioh the speed can be controlled
from 90 to more-than 500mmil?s per hour.
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The large spherical turreb will be referred to “as
Uturret Afi and the modified turret vill “be referred to
as ‘turret B.n

Turret A 3s spherical In shape “and Includes four
.50-caliber machine guns. In the full-seals airplane
the turret Is 90 Inohes in diameter and protrudes 15
Inches from the top of the fuselage. Turret B has a
spherical noee with an afterbody fairlng. This full-
scale turret has a diameter of 60 inches with the after-
hody fairtng extanding 20 inches. . Turret B protrudes 12
inches from the top of the fuselage. ~ .

Kodels of the turrets were constructed I& the UACA.
I’igures 1 and 2 show the model dimension.

The models were scaled down with .rel.ationto the
model fuselage to obtain results that would .be comparable
with the turrets installed on a 10&lnch-diameter fuse-
lage. Figures 3 and 4 illustrate the turrets nounted+on
the fuselage.

The turrets were testbd on a typical bomber model of
a win~fusolage combination supplied by the U.S. Army Air
Forces. Z!hewing spanr.ed the test section and was mounted
on” the balance ring In the usual manzer. The model fuse-
lage Is 114.96 inches.long and has a maximum cross-sec-
tional area of 0.832 square foot.

Turret A was tested at two locations on the fuselage.
One looation is rearward of the wing and on.to.p of the
fuselage at 59.0 percent of the fuselage length. The
alternate location Is forward of the wing and on top of
the fuselage at 24.9 percent of the fuselage length.
Turret B was tested at only the 59.O-percent fupelage loca-
tion. Z’igure 5 shows the location of the turrets on the
model.

Force-test and preeeure measurements were taken at
Mach numbers ranging from 0.22 to 0.70. ~he angle of
attack of the wing was set at 3°, 5g, and 7°. The angle
of wing setting Is 5° tiithrelatlon to the fuselage oen-
ter line.

The coz%espoddlng average Reynolds number range
based on mean aerodynamic chord of the wing (17.66 In.)
ranged from approximately 2,000,000 to 5,000,000.
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as follows:

the ti~ng.and—

6c~r = wing, fu~elage, turret fusela~e
dynamic pressure X fuselage max. cross-eeoti.onal area

In whleh the model f-ilsela:emaximua cross-sectional area is
0.832 square foot. ~hus the drag coefficients include in-
terference drag as well an direct drag.. - .

Figure 7 shows the Increneatal drag of both turrets
plotted against Kach cumber. At a iiachDumber of 0.5 ana
an azgle of attack of 50 turret A has a drag Increment.of
0.028 In the forward location aaa 0.011 in the rearward
locat!.orl. Turret 3, In the reaz*ward location, showe a low
drag Increaent of O:OC)C5, l~creaslng to 0.0010 In the
upper speed rahge. The drag increment for tUrret.B Is for
practical purpoees ae~iigible. This lov.~r.ag increment
of turret B agrees with the results on streamline bltsters
reported In refer.enoe 1.

.... .. . .

.:Ozithe b88i8 of .a.fuselage “&rag inorement of’Oll~j
which may be taken ae ‘typ.taalfor bomber-type fuselages,
turddt A i?ithe .iea&ward.l~oati6n woula increase the fuse
lage drag b& ab~ut 10.pereent; turret B.would add bnly.
about 1 percent. In the forward location, tiurretiA added
about 28 peroent.

It must be remernber6d that small &ifferences In atr-
plane drag of large bombers and esoort planee seriouely
affe6t their rangs Anilarmament oapaol.tyand thus.the
differences In.tuTa:#t&rags, although .emal”l,:are Important.

Jn the..depign.-ofturret&.f~r a bo.rnber-typeh~rplane,
It appears highly ~eairablp to use. ptrednline.tiumet~ and
to limit-the slze”of the turrets as rnuohab posslb16~
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The ptiesen$ tests serve to emphasise th~.larg~ gaihtaat-
tainable through the use of streamline turrets-of As “
small a size as poss~hle.

Pressure measurements were taken at five orifice
locations on both turrets. (See figs. 1 and,2 for ori-
fice locations and turret length. ) The results were re-
duced to pressure coefficients. Pressure coefficient P
Is defined as follows:

... . ...

P.=
local statlo pressure - stream static yressure

q.
:“.

in tihich

v+=
where.

~ dynamic pressure

p air density . .

V airspeed ‘

Tabl”e I .showflthe preusure coe~~floients Xc?r eac3
angle of attack and liachnumber. These values are for
both turrets located. at 59.0 percent .of the fuselage
length.

The prossuras occurring on.the side orifice for both
turrets at 59.0 percent fuselage location are plotted in
figimes 8 and s, which also include a curve of theoretl-

. cal.critical pressure coefficient per, for a ralue of

P where the local static pressure corresponds to the .
veloc$ty of aourid.

. . Ortttcal Speed o

I’lgure 10 shows the maximum pressure coefficient
Pmax reoozdad on the tap of the turret. The indicated

critical speed of turret A occurs at a Mach number of
0.65 .at.an angleaof attack of “5°. The corresponding in-
dicated critical Hach number of turret 3 IS 0.69.
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F6r tia&ret A in the forward fuselage loeat~on, the

negative pressure peak was Inoreased and the arltsoal
W&h number deureased to 0.625 at an angle of attack of

. (See fig. 11.)

CONCLUSIONS

1. Turret A increased. the fuselage drag ooeffioient
by about 10 percent at a Mach number of 0.5 when located
at tho 59.0 peroent fuselage station. At the same loaa-
tion on the fuselage, turret B inoreased.the fuselage
drag coefficient approximately 1 percent throughout a
Haoh number rahge of 0.22 to 0.675.

2. When loaated at 24,9 percent of the fuselage
length, turret A increased the fuselage drag coefficient
by ap~roximately 25 percent at a Mach number of 0.5.

Langley Memorial Aeronautical Laboratory,
National Advisory Oommlttee for Aeronautics,

Langley Yield, Va.
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July 1941.
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TABLE I z
VALUES OF PRE&WRE COEFFICIENT F ‘TAKENON TURRETSLOCATED59.0 PERCENTOF F~SELAGELENGTH ~

[x/} is the rati[—--—- t ---- ..—.—.~.——..—..

Ii
0022

H
0.26 0.35

+L -.-...-.. . ------——. .

I

. . ----- . . ...
ojoi523 ~ o.ii3 0.412 0. 4L6

1

● 4310 : -e 794 -.796 -.805
● 8350 !-.025 -.030 -.052
C98X ,...-..008 ! -CQ052 -...o~6

,of_orificelocation on turret to turret_.lenfQh~..,........._. _..-— —~

Q. 41
, *--.1.. --1...L -----

0 475 0.525 0575 0 600 0.625 0.650 0.675 0.700
—----- .—.-.

‘!;~;q:iti:d:ti

0.421 i O. 42”i- 0.410 0.423 0.395 0.388 ~. 385, 0.341 0.383
-.819
-.060
-,.030 I -c@7 -3k4? =.,065. - 062 - 0 4 -9Q76._-.08

TurrotA:a=~. . . . .- .. .—-.. . —..—

10.01523 [ ~.~47 I 0.350 ]ml 0.330 \ 0.324 (0.312 ] 0.273 t 0.287 t 0.281 ! 0.2851 0.288 l------!

L
0.01523

.4310

.8350

.9850
AL-_.— ------

!0.01531
.2840

1 .6100
i .9620y—

z0.297 0.304
-.806 -,795
-e085 -.098
-.034 -.036

0.399 10.397

—..—

0.235 0.290 /0.270 ‘0.260- 0.253 0.220
-.811 -.835 I -.865 -.899 -.932 -.946
-* 088 , -.128 -.152 -.183 -.201 -,Z03
-.050 i-.065 -.088 L-*117 -e118 -.127

Turret B; a =—..
0.400 \0.416 0.420 0.403 0.396 0.394
-.730 [ -.747 -.769 -.776 -.785 -.805
-.202 : -.231 I-.198 -.192 -.178 -.1.76

G6 - ----- ------ ------
-.990 - ----- ---- ------
-.219 ----- ------ ------
-.137 - ----- ------ ------

_~192 I .19S I ,202 / .109 _ .180 I .201 ] .1951 ● 199] ● 193 ~ -.---
Turro t E:(I= I———

% 01531 ‘ 0.327 0.340 0.333 0.320 0: 3$2; 0.-311-
a

0.294 0.290 0.289 00285 0.299 ----
.2840

L

-.709 -.714 -.745 -.754 -* 788 I -* 799 -.806 -.831 \-.845 -.0’79 -.892 -
.6100 -.199 .-e206 -. J.&j -.200 ,-.197 -.190 -.175 \-.l68 !-.162 -: :;: -.160 -
.9620 ,173 . 164_ ~_: 171 L .156 ~ .168 ~ .158 .156 .156 \ .149 .150 ----——

~i-r ‘%’ .’:$ ‘% ‘% ~~ 5 i:’ a

0.01531 0.285 0.296 0,291 0.287 0.269 \“O.261 0.273 0.273 0.260
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(a) Lookingto the rear of fuselage. (b) Rear view on model fuselage.

(c) Side view of turret on model (d) Turret in forward location on Z
fuselage. model fuselage. m.

Figure 3.- Views of turret A. 03



NACA Fig.4

(a) Looking to the rear
of fuselage.

(b) Rear view of turret on
model fuselage showing
afterbody fairing.

(c) Side view of turret on model fuselage.

Figure 4.- Views of turret B.
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